Behavioural assessment of cultivars adapted to climate and soil variations is essential for recommending genetic materials to producers, achieving higher profitability, and, mainly, targeting regional growth. The aim of this study was to evaluate the agronomic performance of upland rice cultivars in different cropping periods and Cerrado vegetation soil in the southern region of the state of Tocantins. The experiments were conducted in a field at the Chaparral Farm and at the Experimental Station of the Federal University of Tocantins in the agricultural years of 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 with cultivars BRS-Bonança, BRS-Primavera, and BRSMG-Conai. A randomized block experimental design was used with four replications in a factorial scheme of 3 × 5, comprising three genotypes and five years. The evaluated characteristics were as follows: number of days to flowering, plant height, weight of hundred grains, and grain yield. The highest upland rice yield was observed in the cropping period of 2012/13, which also had the highest volume and better distribution of rainfall; flowering time was lesser and greater for BRSMG-Conai and BRS-Bonança cultivars, respectively. The BRS-Primavera cultivar showed the highest grain yield in different years in Cerrado soil in the southern region of the state of Tocantins.
Introduction
Rice (Oryza sativa L.) is one of the main cereals grown and consumed worldwide. It has great economic and social importance in developing countries and is an important source of nutrients. Rice has adapted to different growing conditions, but large fluctuations in its production have been observed. Thus, technological innovations to solve this problem and augment rice productivity and quality are required so that the needs of the population can be fulfilled (NOSSE et al., 2008) .
In the tropical regions of Brazil, the largest grain production is in the upland system of the Cerrado areas thus, the rice crop becomes a pioneer in agricultural occupation as an opening crop of farming areas. This is because rice has few nutritional requirements and is tolerant to acidic soils such as the Cerrado soils of Brazil with low water retention (CRUSCIOL et al., 2003a ).
The region is also characterized by high seasonality of hydric precipitation, the so-called dry spells (veranicos) that cause large losses in production, since crops under water deficiency conditions undergo physiological, biochemical, and morphological alterations (TERRA et al., 2013) .
According to the eleventh grain harvesting survey, conducted by CONAB (2015) , the national average grain yield was 5443 kg ha -1 in the cropping year 2014/2015. The states of Santa Catarina and Rio Grande do Sul are the largest rice producers, together producing 69.37% of the national harvest in over 50% of the total area of rice in Brazil. The state of Tocantins is the third-largest producer of irrigated rice, grown in large areas in the regions of Formoso do Araguaia, Confusão Lagoon, Dueré, Cristalândia, and Pium, and upland rice with a likely decrease in planted area because of the replacement of the crop for soybean and corn production.
Heterogeneity in environments in which rice is grown is the result of multiple abiotic stresses such as climate changes and soil fertility. Thus, characteristics and phenotypic and genotypic aspects of the crop are determined directly or indirectly by the action of external factors and are the end result of plant-environment interactions (GUIMARÃES et al., 2008) . The whole development of the culture and its gene expression may be linked to internal biochemical stimuli, which differ by the gene interaction in environmental diverse conditions and end up reflecting on final productivity. Breeding depends on plant-environment interaction, and the best morphological and economic characteristics of rice species in different environmental conditions need to be identified (NUNES et al., 2012) .
New breeding techniques for viable genetic material under different conditions or in different regions are required for maximum possible gain. The greatest challenge for breeders is to increase food production because of an increase in global consumer demand (SOUSA et al., 2012) . Best agricultural practices combined with productive potential and crop breeding are required for increasing crop productivity. Many researchers have verified the importance of identifying genetic materials adapted to diverse environmental conditions (CARGNIN et al., 2008; MORAIS et al., 2008; SOUSA et al., 2012) .
Behavioural assessment of cultivars in several years and identification of cultivars adapted to the greatest extent to soil and climatic variations need to be performed for recommending genetic material to producers, who aim for higher profitability and mainly target regional growth (MELO et al., 2007) . The State of Tocantins is a region with productive potential and, taking into consideration its strategic location at a country road junction, it can become a corridor for the export of rice and become an agricultural trade centre in the region (PIRES et al., 2012) . Thus, the aim of this study was to evaluate the agronomic behaviour of upland rice cultivars in Cerrado vegetation soil in the southern region of the state of Tocantins.
Material and Methods
Assessment of rice cultivar behaviour was performed using experiments in the years 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 (EMBRAPA, 2013) . According to the Köppen (1948) , the climate of the region is the mesothermal type with summer rains and dry winter. Weather data for the referred period of the experiments are shown in Figure 1 . 
Assessment of rice cultivar behaviour was performed using experiments in the years 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 The areas used for the experiments in 2008/09 and 2009/10 had been used for many years as pastures and were in a degraded condition. Crop rotation (crop, rice; off-season crop, beans) was performed in the area used for the experiments in 2010/11, 2011/12, and 2012/13. At all the cultivation sites, liming was performed to correct soil acidity; however, in 2009, the limestone had no time to react, as shown in the chemical characteristics of the soil for the season, because the correction was performed just before sowing (Table 1) . Prior to the start of the experiments, soil samples were collected from a depth of 0-20 cm in each year for characterization of physical and chemical attributes (Table 1) . The experiment was performed using a randomized block design with four replications, in a factorial scheme of 3 × 5 composed of the three genotypes and five years of cultivation. During cultivation in 2008/2009, each experimental plot consisted of five lines (length 5 m; spacing, 0.45 m) and 60 seeds per linear meter, using as the useful area the three core lines, despising 0.5 meters from each end and the two sidelines getting 5.4 m 2 of useful area. For other crops, each experimental plot consisted of four rows 5 m in length (spacing, 0.45 m) and 60 seeds per meter. As the useful area the two central lines with 4 m long was used, ignoring the two side lines and 0.5 m from each end totalling thus 3.6 m 2 of useful area.
For the study, cultivars BRS Bonança, BRS Primavera, and BRSMG Conai were used, and the main characteristics of each cultivar are presented in Table 2 . In all years, sowing was performed conventionally with heavy disk harrowing + level disking. Sowing was manually performed on December 10th, , December 10th, 2009 , December 11th, 2010 , December 10th, 2011 , and November 29th, 2012 The sowing fertilization was held at the furrow according to soil analysis each year and the recommendation for rice growing at uplands. In the cropping period of 2008/09, 120 kg ha -1 of P 2 O 5 was applied as triple superphosphate, and 60 kg ha -1 of K 2 O was applied in the form of potassium chloride, discounting the fertilizer in the soil. In 2009/10, 120 kg ha -1 of P 2 O 5 was applied in the form of triple superphosphate and 90 kg ha -1 of K 2 O as potassium chloride, also discounting the fertilizer in the soil. For the 2010/11 crop, 120 kg ha -1 of P 2 O 5 was applied in the form of simple superphosphate (17% P 2 O 5 ), discounting the P already present in the soil. K was applied during planting at a dosage of 60 kg ha -1 of K 2 O in the form of potassium chloride. In 2011/12 and 2012/13, a formulated chemical fertilizer, NPK 5-25-15, was used, and 360 kg ha -1 and 400 kg ha -1 , respectively, were applied to the furrows. Fertilization in the cropping periods of 2008/09 and 2009/10 was performed with 120 kg ha -1 of N in the form of urea. In 2010/11, 120 kg ha -1 of N was applied as urea and boron; in 2011/12 and 2012/13, 120 kg ha -1 N was applied, discounting N fertilization performed in the furrows. For all crops, fertilization was performed in two stages. The first stage was upon effective tillering, about 30 days after sowing, and the second stage, at panicle differentiation, about 60 days after sowing.
The cropping needs in 2008/09 and 2009/10 were implemented when necessary, and weed control, performed by hand, was always conducted before fertilization. In 2010/11, four herbicide applications, with fenoxaprop (narrow leaf) and 2,4-D amine (broad leaf), were used for weed control, according to the recommendations suitable for rice cultivation. In 2011/12, the cropping needs were implemented by applying a pre-emergent herbicide, oxifluorfem (240 g ai ha -1 ), to control the weeds. Before coverage amendment, post-emergent application using Bentazon (600 g ai ha -1 ) was performed. In addition to the cropping needs, manual weeding was carried out shortly after flowering. In 2012/13, the pre-emergent herbicide oxifluorfem (240 g ai ha -1 ) was applied the same day of planting for weed control. The post-emergent herbicide used was fenoxaprop-P-ethyl 6.9 CE before flowering. In addition, manual weeding was performed shortly after flowering. There was no need for insecticides and fungicides in any of the growing seasons.
The evaluated characteristics were as follows: number of days to flowering; days to the emission of 50% of panicles from the date of sowing; plant height measured from the soil surface to the apex of the panicle of the central stem, excluding the awn when present; hundred-grain mass, mass of a sample of one hundred healthy grains per plot; and grain yield, production of clean grains with 13% moisture in kg ha -1 .
The experimental data were evaluated using individual and joint statistical analyses of variance and the F test. The joint analyses were performed under homogeneous conditions of residual variances. For comparisons between the means values of the treatments, Tukey's test (p < 0.05) was used with the computer program SISVAR (FERREIRA, 2008) .
Results and Discussion
According to the variance analysis results (Table 3) , significance of the interaction between cultivar and years for all traits was detected. The results showed interdependence of the factors; in other words, the years influenced the expression of agronomic traits in the studied cultivars differently. The significance of all the characteristics was observed, for both cultivar factor and year factor (Table 3) , confirming the genetic variability among the cultivars as well as variations in the years of cultivation. Cargnin et al. (2008) and Cancellier et al. (2011) also obtained similar results, highlighting the importance of studies that evaluated cultivars behaviour over several years with the aim of identifying genetic materials more adapted and with high productive potential in the face of soil and climatic diversity for each crop. Table 3 . Variance analysis of the average number of days to flowering (DF), plant height (PH) mass of one hundred grains (MHG), and grain yield (YD) of the three rice cultivars grown in 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 The low values of coefficients of variation (CV) reflect the reliability of the obtained results (Table 3) . Although the characteristic grain yield displayed high CV (46.57%), it was not considered incongruous. According to Costa et al. (2002) , the nature of the studied variable reflects the value of CV subjected to variations in uncontrolled factors. In addition, the randomized block design tends to increase the value of CV. High CV values for grain yield were also found in studies performed by Tonello et al. (2012) The average values for the characteristic number of days to flowering are presented in Table 4 . BRSBonança had a later cycle in each year of cultivation, although it did not differ significantly from the cycle of BRS-Primavera in 2010/11, 2011/12, and 2012/13. BRSMG-Conai showed the earliest cycle in most years and did not differ from BRSPrimavera in only 2008/09. According to Crusciol et al. (2003b) , cultivars with a shorter cycle favour cultivation systems with crop succession, such as those used in the off-season, and reduce irrigation costs and allowing that these escape of possible drawn out over the cultivation period.
With respect to the years of cultivation (Table  4) , the 2009/10 crop showed the highest mean for the three evaluated cultivars; in other words, cycle extension of the genetic material was observed, showing that which despite being a characteristic of the cultivar, genetic material can be influenced by the environment. Crusciol et al. (2003b) and Arf et al. (2001) have reported that upland rice crop tends to show an increase in the number of days to 50% flowering under conditions of reduced water availability. Heinemann and Stone (2009) and Terra et al. (2013) also found an increase in the number of days to flowering in upland rice cultivars subjected to water stress. Table 4 . Average of the number of days to flowering of the three upland rice cultivars in the southern region of the state of Tocantins in the cropping periods of 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 With respect to plant height (Table 5) , BRSPrimavera showed the largest values in every growing year, despite not having differed from BRS-Bonança in the 2010/11 season. Thus, plant height is also intrinsic to the cultivar; however, it can be influenced by non-controllable environmental factors, resulting in variations from crop to crop. Table 5 . Plant height means of the three upland rice cultivars in the southern region of the state of Tocantins in the cropping periods of 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 The 2012/13 cropping season showed the highest plant height means for the three evaluated cultivars (Table 5) ; this can be correlated with the highest rainfall averages and the fact that rainfall was better distributed, favouring the production of biomass for the cultivar. Despite the greater heights of plants in that cropping year, exceeding 1 m, bedding plants were observed. According to Taiz and Zeiger (2013) , reduced plant height is associated with reduced photosynthetic rate, reduced cell growth, and several morphological, physiological, and biochemical changes, leading to negative effects on biomass production as the plants do not obtain an adequate supply of water for development; this may explain the lower plant heights in the other cropping years. According to Crusciol et al. (2003b) , Terra et al. (2013), and Nunes et al. (2012) , drought stress changes the physiology of plants and reduces their heights, and depending on the intensity of the occurrence of stress in combination with other factors, the impact can be greater or lesser on the culture and final yield.
For mass of a hundred grains, Table 6 shows that that the cultivar BRSMG-Conai always showed higher means than the other cultivars, except in 2011/12, in which BRS-Primavera showed a statistically higher mean value than the other cultivars.
Few differences in the mean mass of one hundred grains were observed for all cultivars in all the years of cultivation (Table 6) , and the values were not affected by the influence of precipitation in each year. The high value for the mass of a hundred grains for BRS-Primavera in the cropping period of 2011/12 may have been influenced by the low tillering of the crop in that season; thus, any product of photosynthesis was directed to a smaller number of grains, making them heavier.
Mean values for the trait grain yield are shown in Table 7 . The BRS-Primavera cultivar was always the most productive, although there was no significant difference in yields in 2008/09, 2009/10, and 2010/11. Table 6 . Mean mass of one hundred grains of the three rice cultivars grown in the uplands south of the state of Tocantins in the cropping periods of 2008/2009, 2009/2010, 2010/2011, 2011/2012, and 2012/2013 Cropping year 2012/13 showed the highest average grain yield for all cultivars. This shows the influence of rainfall during the cultivation of this crop; the rainfall was better distributed in that period (Figure 1 ). According Taiz and Zeiger (2013) , translocation of photo-assimilates and whole-plant metabolism are influenced and dependent on the water factor, being essential for the satisfactory functioning of the plant system; therefore, a deficit of this resource limits and inhibits certain functions and compromises culture yield.
The rice crop yield may show greater or lesser impacts of drought on the basis of the occurrence intensity and life cycle period in which the culture was subjected to that stress. The most important stages considered critical are the flowering and grainfilling phases of rice cultivation (HEINEMANN; STONE, 2009). Crusciol et al. (2001) , Silva et al. (2009), and Nunes et al. (2012) verified a correlation between grain yield and spikelet sterility. The latter occurs with great intensity when the crop is under water stress. In addition to reducing the number of spikelets per panicle, the number of panicles per m 2 is reduced, and these factors affect the final productivity of the culture.
It is evident that the BRS-Primavera cultivar showed the highest grain yield in all the cropping years, with values ranging from 687.77 to 3042.34 kg ha -1 (Table 7) . When the performances of the cultivars in each year were compared, better productive performance during the harvest and a larger volume and distribution of water for plants during the flowering period were observed in 12/13.
Conclusions
The highest grain yields of upland rice were achieved in the cropping period of 2012/13, which showed the highest volume and better distribution of rainfall. The flowering time was lesser and greater for BRSMG-Conai and BRS-Bonança cultivars, respectively. The BRS-Primavera cultivar showed the highest grain yield in different years in Cerrado vegetation soil in the south of the State of Tocantins.
